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ABSTRACT
“Sprecken sie Steckdoseni sh?”
“Do You Speak Receptacl es?”

The German Air Force Tornado Beddown Project at Holloman Air
Force Base, Al anpbgordo, New Mexico required 220/ 380V 50 Hz,

120/ 208V 400 Hz, and 28V DC power systenms in addition to
conventional United States 60 Hz systens. This manuscri pt
describes the static inverter power sources, distribution nethods
and conponents, and the dozen different German receptacles that
were specified and installed. Mny problens were encountered and
resol ved during the first design and construction phase, and were
used as |l essons |earned for the second design phase (second
construction phase begins late this fiscal year).

| NTRODUCTI ON

In early 1993, the design engineers at the Al buquerque District
ventured into their first German Air Force Tornado Beddown

Proj ect design. This project included a Maintenance Hangar and
Par ki ng Hangar, each with support offices, workshops, and six
aircraft bays. The prelimnary design was based on
infrastructure requirements set forth by the United States Air
Force (USAF) and the Gernman Air Force (GAF), in support of the
GAF Tactical Training Command at Hol |l oman Air Force Base (HAFB)
The entire design team faced a special challenge in satisfying
the GAF, a new, non-traditional Al buquerque D strict custoner.
The bi ggest challenge for the electrical engineers was the
requi renent for five different power distribution systens;

220/ 380V 50 Hz, 120/208V 400 Hz, 28V DC, conventional 277/ 480V 60
Hz, and conventional 120/208V 60 Hz.

The 60 Hz system was designed to serve |ighting, standard
mechani cal | oads, and general use outlets. Solid state frequency
converters were enployed for the 50 and 400 Hz systens, and power
supplies were used for the DC system These 50 Hz, 400 Hz, and



DC systens all required International Comm ssion for Conformty,
Certification of Electrical Equipment (CEE) form “shrouded” type
receptacles at the required end use outlet |ocations. These
industrial receptacles are in accordance wth standards set by
the International Electrotechnical Comm ssion (IEC) Publication
| EC 309. The first phase requirenents also called for 50 Hz
“Schuko” type dupl ex conveni ence outlets (standard European
general use outlets) throughout the facilities. As can be

i magi ned, sone walls in these buildings were virtually covered
with electrical outlets. Standard distribution practices were
adhered to in all cases, derating and using non-magnetic conduit
for the 400 Hz system and specifying DC rated equi pnrent and
conponents for the DC system

By the end of 1996, the GAF had occupied the facilities
constructed under the first phase, and nost of the el ectrical
probl ens encount ered had been addressed. Sone of these problens
i ncl uded; electrical room overheating due to i nadequate space and
ventilation, systemdown-tinme due to the use of non-redundant
frequency converters, changing GAF requirenments, and receptacle
mounting difficulties, to nane a few. The problens stenmmed from
desi gner inexperience with the various systens, GAF oversight in
the original requirenents, and the inability to enforce

el ectrical construction quality assurance (QA) recommendati ons
because of schedul e concerns. At the tinme of construction, the
Al buquerque District had only one electrical engineer as ful

time construction QA inspector. Hi's duties in supporting the
entire District allowed only weekly visits to the GAF
construction sites. Odinarily, an on site, full time COE

el ectrical engineer as QA inspector is not required, but this
proj ect consisted of unique electrical systens that demanded nore
attention. The second construction phase is scheduled to begin
inlate FY98, and will consist of a second maintenance hangar,

t hree additional parking hangars, and several other support
facilities. The second desi gn phase has devel oped t hrough

| essons | earned during construction and feedback from GAF
personnel in the existing facilities. The second construction
phase contract adm nistration plan includes the requirenent for a
full time COE electrical engineer on site as QA inspector in
addition to the general contractor’s full tine electrical quality
control personnel.



GERVAN Al R FORCE ELECTRI CAL POAER SYSTEMS
SYSTEM DESCRI PTI ONS
220/ 380V 50 Hz System

For the 50 Hz power system two power source options were
proposed to the USAF and GAF. The first proposal, in
anticipation of the second phase and the conpl eted GAF Tacti cal
Trai ni ng Conmand, involved constructing a small, natural gas
powered, 50 Hz generating plant. The power would then be

di stributed through a network of nedi um voltage under ground power
lines and 50 Hz transforners, paralleling the 60 Hz system The
USAF and GAF preferred the second proposal; the use of individual
frequency converters serving each facility.

120/ 208V 400 Hz System

The international aviation industry devel oped 400 Hz aircraft
power systens in the 1960's to reduce the size and wei ght of

el ectrical conponents.! The systemis now a power system
requirenent in aircraft support facilities worldw de. The | oads
associated wth this systemin mlitary installations are usually
concentrated in hangars and mai nt enance shops (inside aircraft
support facilities). For large airports, elaborate distribution
systens served by central ground power generating stations are
used, providing 400 Hz power to each airplane ternmnal.? But for
mlitary installations with aircraft support facilities, the
smal | er 400 Hz system | oads are usually powered by i ndividual
frequency converters.

28V DC System

Direct Current systens are typically served by DC Power Supplies,
| ocated in close proximty to the end-use outlets, mnim zing

vol tage drop. 28V DC, 16 and 32A receptacles are used by the GAF
for certain test equi pnment. The systens were designed to serve
the connected | oads at 100% of the receptacle ratings, because
specific DC demand i nformati on was not available. The first

desi gn phase called for three standard, off the shelf, 1200W
units to be placed in a single enclosure with the outputs
connected in parallel (Figure 1). These 3600W Power Supplies
were | ocated throughout the facilities close to their | oads,

m nimzing the lengths of branch circuit wiring. The Power
Supplies provided in the first phase are working well, so a
simlar design has been inplenented for the second phase.
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50 AND 400 HERTZ FREQUENCY CONVERTERS
Frequency Conversi on Mt hods

Two frequency conversion nmethods are comrercially avail abl e, each
with several advantages and di sadvantages. The traditional
method is by rotary type frequency converters.® The rotary
converter is essentially an electrically powered notor-generator
that requires periodic bearing maintenance and lubrication to
ensure continuous operation. The Aircraft G ound Equi pnment (AGE)
shops and Base Civil Engi neering (BCE) mai ntenance shops at HAFB
are not staffed nor equipped to service this type of equi pnent.
In this era of Base closures and Departnent of Defense budget and
personnel reductions, the use of high maintenance equi pnent is
avoi ded. This type of converter is rather noisy, due to the fact
that 400 Hz is within the audi bl e range and because of nechani cal
vi bration (even though design inprovenents have alleviated this
probl em over the years). Qutput frequency instability is also a
problem* Because of their nobving parts, rotary converters

suf fer consi derabl e heat | osses, and do not respond well to |arge
step |l oad increases. However, an advantage of the rotary
converter is conplete electrical line isolation. A cursory

i nvestigation reveal ed avail able sizes required several in
parallel, to achieve the total kVA needed for the |argest GAF
system



The newest nethod is by solid state frequency converters
(generally referred to as static inverters). The static inverter
is | ow mai ntenance and enpl oys two devices in series; an AC DC
converter and a DC-AC converter. The major disadvantage of the
inverter is that it is not electrically isolated and can pl ace
consi derabl e el ectrical noise back on the source line. This can
be mnimzed by limting the input and output total harnonic
distortion. Static inverters are very efficient (92% efficiency
specified) and respond instantly to step load increases. Static
inverters generate sone acoustical noise, but this is rarely a
probl em except when there is a | oose piece of |am nant or
conponent. Maxi num gener ated noi se | evels shoul d al ways be
specified. Static inverters are available in single unit sizes
up to 1000 kVA, and possibly |arger, depending on the

manuf acturer. The industry is steadily noving toward the use of
nmore solid state electrical devices. The advantages and

di sadvant ages of each inverter type were discussed, and it was
agreed to enploy static inverters throughout the GAF facilities
for both the 50 and 400 Hz systens.

I nverter Sizing and Specifications

In both design phases, the inverters were sized to provide for
both known and future loads in all the GAF facilities requiring
400 and 50 Hz power. The connected | oads were derated by a
demand or “coincidence” factor provided by the GAF, and then
summed to reach a total demand | oad. This value was then

i ncreased for future |loads and used to select the next standard
size inverter (some manufacturers will custom build nost any
size). For the first Parking Hangar, a 150 kVA 60 to 400 Hz, and
a 250 kVA 60 to 50 Hz frequency converter were required. For the
first Mintenance Hangar, a 187.5 kVA 60 to 400 Hz, and a 1000
kVA 60 to 50 Hz frequency converter were required.

Presently a COE Cuide Specification for Frequency Converters does
not exist. Specifications are expensive to devel op and mai ntai n.
There is not enough demand within the COE for this type of
specification. United States Naval Facilities (USNF) maintains
two frequency converter specifications, one for solid state
converters (16268) and one for rotary converters (16236). The
USNF gui de Specification Section 16268, “50 and 400 Hertz Solid
State Frequency Converters”, was acquired and edited for use in
the GAF projects. The edited specification follows standard CCE
format and is avail abl e upon request by contacting the author. A
277/ 480V, 3 phase, 4 wire, grounded, 60 Hz, input was specified
for the static inverters. The inverters were fed directly from
the facility Main Distribution Panel (MDP). The specification
required wiring for all 400 Hz circuits to be installed in

non- magneti c conduit; alum num or PVC



DC, 50, AND 400 HERTZ RECEPTACLES
CEE For m Recept acl es

The receptacles other than general 60 Hz required by the GAF in
wor kshops consisted of 50 Hz, 400 Hz, and Direct Current CEE
form “shrouded” type. CEE formreceptacles in Germany are round
pl ugs and sockets with rated voltages up to 750 V and rated
currents up to 200 A, primarily for industrial, comrercial, and
agricultural purposes. Any plug with rated voltage above 50 V
has a ground “earth” contact. The sockets typically have a key-
way and plugs have a nose or key that engage when inserted. The
ground contact on both the socket and key-way are specifically

| ocat ed, designated by a clock face position (Figure 2).°
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FIGURE 2 -CEE FORM TYPE “A” RECEPTACLE

The first phase projects called for a dozen different types of
CEE receptacles as shown in Table 1. After the GAF re-eval uated
their special power needs prior to the second design phase, the
nunmber of different types of CEE receptacles was reduced to six.*

A paint shop was required in the second phase Mii ntenance Hangar,
therefore all electrical equipnent within this roomhad to be
Class 1 Division 2 explosion proof. To conply with the Nati onal
El ectrical Code (NEC), the three CEE type receptacles installed
inthis roomwere specified as | EC Rated, Zone 2 (conparable to
Class 1 Division 2 hazardous area) explosion proof, sw tched and
i nterl ocked receptacles.”



CEE FORM RECEPTACLE SCHEDULE
Type Freq. Pol es Vol t age Rat i ng ofNuPnr?;sres PoGsiOtJingn Ol\flun;)ienrs
*NOA 50 Hz P+N+E 220V 16A 1 Ph 6 Hr 3P
K 50 Hz P+N+E 220V 32A 1 Ph 6 Hr 3P
*N B 50 Hz 3P+N+E 220/ 380V 16A 3 Ph 6 Hr 5P
*N C 50 Hz 3P+N+E 220/ 380V 32A 3 Ph 6 Hr 5P
D 50 Hz 3P+N+E 220/ 380V 63A 3 Ph 6 Hr 5P
* E 50 Hz 3P+N+E 220/ 380V 125A 3 Ph 6 Hr 5P
F 400 Hz P+N+E 115V 16A 1 Ph 2 Hr 3P
* G |400 Hz | 3P+N+E 115/ 200V 16A 3 Ph 2 Hr 5P
H 400 Hz | 3P+N+E 115/ 200V 32A 3 Ph 2 Hr 5P
| 400 Hz | 3P+N+E 115/ 200V 63A 3 Ph 2 Hr 5P
* X DC 2P 28V 16 +/ - 10 Hr 2P
Y DC 2P 28V 32 +/ - 10 Hr 2P
TABLE 1 - GAF RECEPTACLE TYPES
“Schuko” Dupl ex Receptacl es

Eur opean 50 Hz *“Schuko” type duplex receptacle outlets (Figure 3)

were only required in the first phase projects,

when t he GAF

antici pated bringing and using standard European appliances,

i ncl udi ng personal

FIGURE 3
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pol e and ground pin receptacles using 50 Hz, 220 V single phase

power .
“schutz”;

The term “ Schuko”

cones fromthe two Ger nan wor ds

meani ng protection (against shock), and “kontakt”;

t hat



is, (electrical) contact. “Gounded Receptacle/Plug” would be an
accurate transl ation.

Again, after the GAF re-evaluated their special power needs prior
to the second desi gn phase, they decided to procure personal
conputers and conveni ence appliances in the United States,
thereby elimnating the need for “Schuko” type dupl ex
recept acl es.

Recept acl e Manuf acturers

Several conpani es manufacture CEE formreceptacles. The supplier
for the first GAF construction phase was Mennekes El ectronics,

I nc., whose products are made in Germany and are available in the
United States. The electrical sub-contractor originally proposed
installing receptacles manufactured in Brazil, made of inferior
plastic material. CEE receptacles are only nmade with plastic

mat eri als and should be able to withstand industri al

applications, made of inpact resistant thernoplastic.

Fortunately, the submttal reviewer was able to reject the use of
Brazilian nmade receptacles, since their purchase and use would
have violated the Buy Anerican Act -- Construction Materials
Under European Community and North American Free Trade
Agreenents, that is generally a contract clause.

DI STRI BUTI ON EQUI PMENT AND COVPONENTS
120/ 208V 400 Hz System

Two i nportant considerations in the design of 400 Hz power
di stribution systens are due to the higher inductive reactance
“X’, as expressed by the fornul a:

X"2Bf L

VWere “f” is the frequency and “L” is the inductance. The first
consideration is voltage drop. Since the inductive reactance is
proportional to the frequency, 400 Hz voltage drop due to the

i ncreased i npedance is al nost seven tines greater than in 60 Hz
power systens.® For airport distribution systens, where |ong
runs to termnals are necessary, line drop conpensators (LDC)

t hat consi st of capacitors canceling out the inductive reactance
are typically used. Voltage drop in 400 Hz systens shoul d be
kept bel ow ei ght percent.” To achieve this in the GAF projects,
vol tage drop for the 400 Hz systens was cal cul ated using a 60 Hz
system nodel, restricted to within one percent.

The second consideration in the design of 400 Hz power



di stribution systens is feeder and branch circuit conduit
material. Non-magnetic raceways nust be used in 400 Hz systens.
I f not, the presence of magnetic materials elevates the flux
density around the conductors and further increases the

i nductance. |If magnetic conduit is used in 400 Hz systens, an
addi tional 25 to 30 percent voltage drop can be expected.?

Enmer gency Cutoff Sw tches

Emergency Cutoff Switching is an inportant electrical requirenent
for the GAF. Sel ected workshops and each aircraft hangar bay in
the GAF facilities required cutoff switches that turn off power
to all receptacles within the area. This requirenent posed a
speci al chall enge, given safety considerations. |Isolating the
different power systens and the control circuit from each ot her
made the switching requirenment difficult to inplenent. The first
option explored was to use a set of contactors |ocated within
separate encl osures, all operated by the energency switch. This
option woul d have required custom encl osures for the contactors
and woul d have needlessly cluttered the areas affected with the
encl osures and additional conduit. The second, and exerci sed,
option was to sinply use shunt trip breakers for all branch
circuits affected (Figure 4). As stated in the schematic, a

MOMENTARY CONTACT RED WUSHROOM HEAD

PUSHBUTTON EMERGENCY CUT-QFF SWITCH

WITH GUARD TO PREVENT ACCIDENTAL ACTIVATIQN, SHUNT TRIP COIL AT EACH CIRCUIT BREAKER.
IN A 305mm SQUARE NEMA 4 ENCLOSURE. [‘SEE EMERGENCY CUTOFF CONTROL TABLE

LABEL PER SPECIFICATIONS. —\ I FOR CORRESPONDRING CIRCUITS.
H & Q—o

D
O—
PANEL 50P1, 50P2
OR 50P3

277V CONTROL
CIRCUIT UDP-I3

PANEL R2 OR R3

N

FOR EASE QF INSTALLATION, USE A JUNCTION
BOX WITH TERMINAL BLOCKS AT EACH
PANEL AND AT EACH SWITCH.

FI GURE 4 - EMERGENCY CUTOFF CONTROL SCHEMATI C

control table showi ng corresponding circuits for each area was
devel oped and included in the designs. Mst shunt trip circuit
breakers require an additional breaker space and were shown as



such in the panel schedules. For maintenance safety, the control
circuit was taken fromthe main distribution panel (MDP), from
where all systens are fed.

El ectrical Distribution Term nal s

The GAF uses 50 Hz, 400 Hz, and DC power at every aircraft bay in
their hangars, and therefore required these power systens be
distributed to each. As in the workshops, CEE formreceptacles
were needed. These receptacles conme pre-nounted on el ectrical
distribution termnals (EDT) procured in Germany and provi ded by
the GAF. The EDT's are either wall nounted, or nounted on a

SW ngi ng structural arm designed to extend the reach of connected
equi pnment. In both cases, the design requirenents called for
routing the branch circuit wiring of each systemto a junction
box encl osure near the EDT | ocation, and then making the proper
connecti ons.

LESSONS LEARNED
FREQUENCY CONVERTERS
System Reliability

Early on in the first design phase, manufacturers indicated that
the preferred way of configuring the |arger frequency converters
was to connect at least two smaller, standard units in parallel.
This is due to the limted availability of the | arger power solid
state conponents. The specification indicated system operating
paranmeters when two or nore converters are installed in parallel
At the tinme of construction, the contractor received the | owest
bid for the frequency converters froma manufacturer who insisted
they coul d package each one as a single unit, even the 1000 kVA
60 to 50 Hz converter in the Mintenance Facility. The COE
becane concerned about reliability of the different systens,
hoping to get paralleled units, but the converter specification
did not require them Wthout creating a change order, and

i ncreasing the cost of the systens dramatically, there was no way
the COE could get the paralleled unit packages, and therefore,
had to settle for a less reliable system The construction and
desi gn engineers net wth the manufacturer and inspected his
facility. After discussing their capabilities with the

Transatl antic Program Center, who had just conpl eted acceptance
tests on simlar equipnent, it was decided to accept the proposed
units. The 1000 kVA unit was recognized to be the first

manuf actured unit of that size to not use paralleled conponents.
Conpeting manufacturers predicted that it couldn’'t be done within
speci fication.



Shortly after the M ntenance Hangar was occupi ed, the 1000 kVA
50 Hz inverter failed and rendered the GAF w thout their European
power. This happened twi ce, first when a diode failed and was
replaced under warranty, and then when an insul ati on breakdown
occurred that took ten days to fix, again under warranty. The
second desi gn phase has taken steps to mnimze the problemin
the frequency converter specification by requiring paralleled
units for redundancy. The systens will not be fully redundant,
but will provide for a maxi mum | oss of 50% capacity shoul d one
paralleled unit fail. The systens will consist of master and
slave units, alternately sharing the load. Each unit wll be

i ndependent, and may be replaced or repaired w thout interrupting
the system

An added advantage in using paralleled units is the reduction of
total harnmonic distortion (THD) produced by the system As the

| oad demand decreases bel ow 50% when two paralleled units are
used, the slave unit goes off line, thereby reducing the THD. |If
nore units are used, then the benefits are even greater.
Specifying paralleled units also allows for sinpler future
expansi on.

Converter Installation

Hi storically, the infanbus Architect has left the Electrical

Engi neer no other alternative, but to | ocate electrical equipnment
in hallways, janitor’s closets, nechanical roons, and other
likely places within new facilities. The Mii ntenance Hangar in
the first phase was no exception. Even though a dedi cated

el ectrical roomwas included in the design, it could have easily
been m staken for a closet. Estimating physical sizes of

equi pnent to be used in a facility is difficult when there are at
| east three manufacturers who nmake that equi pnent. Even when
choosing the largest, often there is a nultitude of accessories
that are not consi dered.

Di scussion with manufacturers revealed no one in the industry
coul d provide physical dinensions for the |large 1000 kVA 50 Hz
inverter to be used in the Maintenance Hangar, because none had
ever manufactured one that size. The best estimate of physical
di mensi ons canme only from summ ng the di nensions of three 375 kVA
units in parallel fromone manufacturer, but this proved grossly
i naccurate, nostly because the contractor purchased a single unit
inverter froma different manufacturer. There was no room al ong
any wall inside the electrical roomto |ocate the inverter,
therefore it had to be constructed as a freestanding unit, to be
located in the mddle of the electrical room The single unit
1000 kVA 50 Hz inverter was so |large that the double exterior
doors in the electrical roomhad to be replaced, to provide



installation cl earance.

The excessive anmobunt of heat generated by the equipnment in the
overcrowded el ectrical roomcould not be adequately dissipated.
The ventilation systemcould not maintain the design anbient
tenperature, therefore a cooling systemhad to be installed. The
si npl e exhaust fan provided in the original design was replaced
by a sizeabl e evaporative cooler to pressurize the room This
forced waste heat (nostly produced by the static inverters) out
of the roomto the exterior of the building through ducts
installed directly fromthe top of the unit.

Manuf acturer’s Warranty

Recently, the 400 Hz frequency converter in the phase one Parking
Hangar was shutting down with an inaccurate overheating failure
as indicated by the unit’s diagnostics equipnent. The one-year
warranty, as specified, did not cover the repairs. Therefore,
for the second design phase, a three-year parts and | abor
warranty has been specifi ed.

RECEPTACLE MOUNTI NG

Fromearly on in the first construction phase, the Contractor did
not recogni ze the uni queness of the GAF power systens. This was
t he case even though the specifications and draw ngs pointed to
the need for specially fabricated plates for receptacle nounting,
with holes drilled to match those on the netrically di nensioned
receptacle flanges. Typically, CEE formreceptacles are panel or
surface nounted. |In Germany, they are normally fed by exposed
cabling or wwre in exposed conduit. For these projects, exposed
and surface nounted electrical installation was to be naturally
avoi ded. After all, they were new facilities, where conceal ed
conduit was desired, to achieve a clean installation. This in
turn required conventional American back boxes with the
receptacl es nmounted over custom plates. The Contractor was asked
to submt nounting detail draw ngs and sanple installations for
approval, but he refused, claimng the contract did not require
them |In the end, the receptacles were haphazardly install ed.
Sone were so | oose, they could be easily pulled off the wall.

Simlarly, the “Schuko” receptacles were badly installed. The
GAF’' s decision to not require “Schuko” type dupl ex receptacles
for the second phase was a blessing for the electrical designers,
gi ven the nounting problens encountered during the first
construction phase. Mny receptacles had to be reinstalled and
properly secured. Part of the problemwas that the Contractor
used sheet netal screws instead of machine screws wth hex nuts
to secure the receptacles to the customplates. Receptacle



nmounting details have been devel oped during the second design
phase to mnimze the installation problens (Figure 5).
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FIGURE 5 - TYPI CAL CEE FORM RECEPTACLE MOUNTI NG DETAI L

The 125 Anp CEE formreceptacle type “E’” required a heavy duty
installation (panel nounted) with a spacious enclosure due to the

size of wire required (Figure 6).
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Al'l GAF power systemreceptacles in the second construction phase
are to be installed in CMJ block walls, making installation that

much nore secure. The first phase facilities included
receptacl es nmounted on gypsum board wal | s.



CONCLUSI ON

Now t hat the second GAF Tornado Beddown Project design phase has
cone to a close, nuch effort has been expended to ensure custoner
satisfaction. Lessons |earned, feedback, and constant

comruni cati on between all parties involved has resulted, we
believe, in a quality design, to be followed by quality
construction. The GAF has continued to | ook to the COE for
solutions as they establish their training mssion at HAFB. Wth
t he ensuing $100 MIIlion, second construction phase conpleted in
early 2000, the GAF will capably staff their Tactical Training
Command fromthe current 200 to 1100 civilian and mlitary
personnel .
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